Cystic fibrosis (CF) is the most commonly inherited disease in Caucasians, with autosomal recessive manner of inheritance. 1 The CF incidence in this population is about 1:2.500 live births. 2 As a genetic disorder, CF affects mostly the lungs, but it also affects the pancreas, liver, kidneys, as well as the intestines. The disease is characterized by different expressions and different progression rates in different organs. 3 Symptoms of impaired functioning of the respiratory and intestinal tract dominate the clinical picture. 4 Most common comorbidities in patients with CF are diabetes mellitus associated with CF, bone disease, and reproductive health issues. [5] [6] [7] They are not an objective of this study, but they also affect the health-related quality of life (HRQoL) in patients with CF.
Тhе median survival age of CF patients has doubled in the period , from 14 to 28 years, reaching 37.4 years in 2007. 8, 9 It is estimated that children born in the last decade, using the current standards of treatment in specialist CF centres, could live for 40-45 years, even without further treatment improvement. 10, 11 According to the available data in 33 EU countries, more than 42.000 patients with CF have been registered. 12 In the Republic of North Macedonia, a total of 112 patients with CF were registered at the beginning of 2017. 13 Treatment of patients with CF in North Macedonia is administered at the Centre for Cystic Fibrosis which is an integral part of the University Clinic for Children's Diseases in Skopje. This centre is also part of the Register of patients with cystic fibrosis at EU level -the European Cystic Fibrosis Society Patient Registry (ECFSPR). The Centre for Cystic Fibrosis makes efforts related to the implementation of the European consensus on standards of care for patients with CF. 14 As other chronic health conditions, paediatric CF affects not only the children but also their families. These impacts could be assessed by using the HRQoL. 15 HRQoL could be defined as the patient's general subjective perception of the effect of illness and intervention on the physical, psychological, and social aspects of daily life. 16, 17 Physical functioning refers to mobility, self-care, usual activities, and other functional abilities. Psychological health includes elements like cognitive functioning, emotional distress, and anxiety. Finally, social health refers to the quantity and quality of social contacts and interactions. 18 Single domain (e.g. physical functioning) is not sufficient to cover HRQoL, even though it is an endpoint relevant to patients. 19 HRQoL measurements could be conducted by using generic HRQoL instruments, disease-specific HRQoL instruments, or population-specific HRQoL instruments. 20 Thus far, study of HRQoL in patients with CF in the Republic of North Macedonia has not been conducted. The main objective of this survey was to describe the current HRQoL in paediatric CF patients and their caregivers in the Republic of North Macedonia. The second objective was to investigate the connection of the current medical treatment with the analysed HRQoL parameters.
MATERIALS AND METHODS

Participants
The participants included in this research were 6-13-year-old children with CF and the parents/ caregivers of the children with CF aged between 6 and 13 years and under the age of 6. All participants are included in the national register of patients with CF. Inclusion criteria were as follows: CF diagnosis, years of age, and relation parents/caregivers-children. The study initially involved 33 children-parents/ caregivers pairs with CF, aged between 6 and 13 years, and 7 parents of children with CF ≤ 6 years of age. There were 11 exclusions due to parents'/ caregivers' medically confirmed psychiatric conditions. At the end, the study was closed with 22 children-parents/caregivers pairs with CF, aged between 6 and 13 years, and 7 parents of children with CF ≤ 6 years of age.
HRQoL Questionnaires
The survey of the patients or their parents (as caregivers) was conducted by using the available and validated Macedonian version of the Cystic Fibrosis Questionnaire Revised (CFQ-R) as a disease-specific HRQoL instrument. 21 Additional questions on the current medical treatment/therapy were used only for the parents of children with CF. These questions were prepared by the physician (the national leader in the treatment of CF in the Republic of North Macedonia) who was responsible for the medical treatment of these patients. For the patients and parents/caregivers who were of Albanian nationality, the questionnaires were translated into Albanian language by an authorised translator and validation process was performed.
Two versions of the disease-specific instrument have been used; the first version for assessment of children aged between 6 and 13 years (CFQ-R Child with two same subversions, one for 6-11 years of age, and another for 12-13 years of age) and the second version was designed for parents/caregivers (CFQ-R Parent/caregiver). The questions given in this diseases-specific HRQoL instrument covered three modules: HRQoL, symptoms, and overall health perception. The CFQ-R Child covers six domains from the HRQoL module (Physical Functioning, Emotional State, Social Limitations, Body Image, Eating Disturbances and Treatment Burden) and two domains from the symptoms module (Respiratory and Digestive). The CFQ-R Parent/caregiver covers seven domains from the HRQoL module (Physical Functioning, Emotional State, Vitality, Role/School, Eating Disturbances, Body Image, and Treatment Burden), 3 domains from the symptoms module (Respiratory, Digestive, and Weight) and one domain from the health perception scale (Health Status, present/evolution).
The answers to the questions from the HRQoL module were given as 5 distinct 4-point Likert scales (always/often/sometime/never). The score was ranged between 0 to 100, where higher scores represent a better HRQoL status, while the lower score denotes a worse HRQoL.
Data collection and data analysis The survey was conducted for a period of nine months, from 08.2016 to 05.2017. The questionnaires were administered as self-administered, proxy-administered (for parents/caregivers), or interview-administered (for young children aged between 6 to 11 years). 22 patients were covered with the CFQ-R Child questionnaire and 29 parents (22 parents of children from 6-13 years of age and 7 parents of children ≤ 6 years of age) were covered with the CFQ-R Parent/caregiver questionnaire. Total of 51 questionnaires were collected for the purposes of analysis.
The study was performed in the Centre for Cystic Fibrosis (University Clinic for Children's Diseases, Skopje) during the regular medical visit. This centre provides a multidisciplinary approach by paediatricians, trained nurses and physiotherapists. The children and parents/caregivers completed the questionnaires in separate rooms.
The statistical analysis was performed by using SPSS statistical software (version 22.0.0.0), Student t-test for independent samples, Mann-Whitney U test, One-way ANOVA with post-hoc Tukey test, Kruskal-Wallis H test, Pearson and Spearman test. The p value < 0.05 was statistically significant.
Ethical approval
In accordance with the Macedonian Law, ethical approval is required only for experimental studies (studies with medical intervention on involved patients). This study did not involve any current medical treatment intervention; hence, the Ethical approval was not required. All involved children and parents were informed of the study objectives and data confidentiality. Written informed consent for using and analysing their personal data was obtained from all parents/caregivers, as well as verbal and written participation acceptance from all children.
RESULTS
Children aged between 6 and 13 years and their parents/caregivers The current study included 22 children, and eight domains (HRQoL and symptoms) were analysed. Fifty-nine percent of the children were boys, and forty-one percent were girls. The children ranged in age from 7 to 13 years, with mean age of 11.6 years. Forty-five percent of the children were ethnic Macedonians, and fifty-four percent were ethnic Albanians. As shown in Table 1 , children with CF reported the highest score for their digestive condition (mean 84.85), whereas the lowest score was given for their social activity (mean 59.74). The gender of children with CF from 6 to 13 years of age has no significant impact on their perception for HRQoL ( Table 2 ). The analysis of the results showed that there was no significant difference in the HRQoL perception between Albanian and Macedonian children with CF in all analysed domains ( Table 2) .
The survey involved twenty-two parents/caregivers (18 mothers, 2 fathers and 2 grandmothers).
The parents/caregivers' age ranged between 33 to 64 years (mean age 47.8 years). This HRQoL survey involved twenty percent of parents/caregivers with completed graduate degree, thirty percent with secondary education, five percent with earned bachelor's degree, and forty-five percent with completed only primary school education, and eleven domains (HRQoL, symptoms and health status) were analysed. The descriptive parameters for the analysed domains are presented in Table 3 . Parents/caregivers rated the digestive condition with the highest score (mean 83.33), while the lowest score was reported for the treatment burden activity (mean 60.56). The results obtained from the descriptive analysis of the impact of the parents' education level on the HRQoL domains showed that parents/caregivers with completed tertiary level of education, in general, have a worse perception of all HRQoL parameters of their children, compared to the parents/caregivers with primary and with secondary level of education (Table 4) . However, the level of education was statistically significant only for the respiratory function as part of HRQoL (p=0.003).
At the time of the study, according to the parents'/caregivers' input, all patients received enzyme therapy, 20 patients (91%) practiced physical therapy, 15 patients (68%) inhaled mucolytic, 14 (64%) received an antibiotic through inhalation, 13 (59%) took vitamins, while 8 patients (36%) -antibiotic per os. The data regarding the frequency of practicing physical therapy reveal that most of the parents/ caregivers (70%) stated that their child practices physical therapy "at least twice a day". According to the parents'/caregivers' answers, walking is the most common type of practiced physical activity by the children with CF under the age of 13, and the same is practiced by 60% of the respondents. Bike riding, as physical activity, is practiced by 50% of the children. After a particular physical activity, 14 parents (64%) responded that their children were breathing easier and were less cluttered, 6 parents (27%) indicated that their child was coughing up more secretion. The majority of the parents (77%) believe that physical exercises have a positive impact on their children's health status. Only two parents (9%) declared that their children did not experience any changes after a physical activity.
The analysis of the correlation between the answers of children (6 to 13 years of age) and their parents is presented in Table 5 . The results have shown that the correlation between the child's and 
Parents of children under the age of 6 years
Seven parents (five mothers and two fathers) were involved in the HRQoL survey of the children under the age of 6 years, and eleven domains (HRQoL, symptoms, and health status) were analysed (Fig. 1) . Parents scored the digestive condition with the highest score of 76.4, whereas the eating disturbance was scored with the lowest score of 50. At the time of the study, according to the parents' input, the data for the current physical therapy/medical treatment are presented in Table 6 . The question "How much time does your child spend on physical activity daily?" was responded to by 55% of the parents by indicating that their child is physically active in the course of the day for more than 30 min or more than one hour. According to the parents' answers, walking is the most common type of practiced physical activity by the children with CF under the age of 6 years.
DISCUSSION
Children between 6 and 13 years of age and their parents/caregivers The highest score of 84.85 for the digestive condition is in positive correlation with the fact that all children used enzyme therapy. The high score of 83.71 for the emotional condition is in positive correlation with the age structure of the surveyed children. Namely, 68.18% of patients are aged between 7 to 12 years, while their environment comprises mostly of their family. This caring environment for their illness has a positive impact on their emotional stability.
On the other hand, these surveyed children gave the lowest score of 59.74 for their social aspect. This aspect is covered by issues that are mainly related to their school activities and other activities that take place outside their home and are not under the direct control of their closer family. This low score favours the fact that children with CF, regardless of their early childhood, feel the negative impact of their medical condition in the performance of social activities on a daily basis. Therefore, strong psychological support is needed. This finding is in line with the study reported by Thomas et al. 22 This study also showed that gender and ethnicity did not affect children's HRQoL perception. These findings are in accordance with the results reported by Schmidt and coworkers. 23 The common profile of a Macedonian CF caregiver is a working/middle aged woman, who is, most often, the mother of the CF patient. The need for continuous daily care imposes difficulties for the caregiver to fulfil his or her professional duties -regardless of the level of their education. This finding is in accordance with the results described by Iskrov. 24 The parents of children aged between 6 and 13 years also gave highest score of 83.33 for the digestive condition of their children. This high score suggests that the enzyme therapy has a positive HRQoL impact. The reported high score (72.71) for the physical condition could be related with the fact that all children actively use physical therapy and four children practice additional physical activity on daily basis. The treatment burdens were assessed by parents/caregivers with the lowest score of 60.56. Unlike the children themselves, parents/ caregivers rated this parameter with a lower grade. This finding could be explained by the fact that parents/caregivers are responsible for the implementation of their children's therapy and they feel the limiting nature of the everyday medical treatment.
In accordance with the results from this study, we could conclude that higher education means more self-criticism and subsequently lower self-assessment for all analysed HRQoL parameters. As part of this survey, the correlation between the self-perception about HRQoL of children with CF at the age of 6-13 years and the perception about their HRQoL by their parents/caregivers was analysed. The parents/caregivers, compared to the patients themselves, reported lower scores for all analysed parameters. This finding, which is in accordance with the literature data 22 , suggests that when a third part as a proxy is included (for example parents/caregivers) in the HRQoL survey, the reported scores are always lower compared to the scores reported by the patients themselves. The correlation between the children's self-perception and the perception of the parents/caregivers for the body image has a value of the Spearman coefficient (R) of 0.525, suggesting that children and parents/ caregivers significantly agree on the HRQoL in terms of body image. This finding is in accordance with the results described by Havermans et al. 25 The correlation between the child's self-perception and the parent's/caregiver's perception of the respiratory function was positive for the value of Pearson's coefficient (r) of 0.519, indicating that children and parents/caregivers significantly agreed on this area for the HRQoL. As for the body image, the scores of children and the parents/caregivers for the respiratory function were also related proportionately. Positive correlation in this area was also reported by Havermans and coworkers. 25 Parents of children under the age of 6 years The highest score of 76.4 reported for the digestive condition is in positive correlation with the fact that all children used enzyme therapy. High score of 72.7 was also reported for the physical condition, which could be related with the fact that all children actively use physical therapy and four children practice some physical activity on daily basis. The lowest score of 50, reported for the eating disturbance, suggests that parents find that their children have poor appetite, that their meals are mostly pressured and disputed, even though the same children did not have a problem in terms of increasing their weight.
LIMITATION
This study did not assess the financial status of each patient and its effect on their health-related quality Table 6 . Data for current medical treatment / therapy (parents of children under the age of 6)
Current medical treatment / therapy
Physical therapy 7
Inhalation of antibiotic 2
Inhalation of mucolytic 3
Enzyme therapy 7
Vitamin therapy 5
Antibiotic per os 5
Does your child practice a physical therapy?
Yes 7
How much time does your child spend on physical therapy daily?
Minimum twice a day 7 of life. Some studies so far have revealed that in economically vulnerable populations, the risk factors for worse health outcomes are increased. 26 This could be of paramount importance for a developing country such as North Macedonia.
CONCLUSIONS
This study presents the HRQoL of children with cystic fibrosis and their families which was conducted for the first time in the Republic of North Macedonia. The HRQoL measurements showed that nationality (Macedonian or Albanian) and gender have no statistically significant impact on the HRQoL results. The highest scores for the digestive condition, respiratory function, and physical condition are in positive correlation with the fact that enzyme, antibiotic, and physical therapy are given as standard medical care, covered by the National Health Insurance Fund. The lowest scores for the social aspect of the CF patients indicate the need for including psychological support and support of social workers as part of the standard medical care for these patients. This part of standard medical care could be provided in the CF centre or during the home visits carried out by the expert teams.
The findings from this study could be used as a starting point for improving the treatment of children with CF in the Republic of North Macedonia.
